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OUTLINEOUTLINE
•• WAVE CLOUDS: WAVE CLOUDS: Composite of 12 Composite of 12 

SPEC Learjet flights over the Front SPEC Learjet flights over the Front 
Range of the RockiesRange of the Rockies

•• CIRRUS CLOUDS: CIRRUS CLOUDS: Composite of 10 Composite of 10 
SPEC Learjet flights in Utah, Colorado SPEC Learjet flights in Utah, Colorado 
and Oklahomaand Oklahoma

•• ANVIL CLOUDS: ANVIL CLOUDS: Examples of Data:Examples of Data:
SPEC Learjet in ColoradoSPEC Learjet in Colorado

UND Citation near Cape  UND Citation near Cape  
Kennedy (ABFM Project)Kennedy (ABFM Project)

ARA Egrett ARA Egrett -- Darwin, AustraliaDarwin, Australia

WBWB--57 and UND Citation 57 and UND Citation 
(CRYTSTAL(CRYTSTAL-- FACE)FACE)



IWC Improvement IWC Improvement 



Wave Cloud Wave Cloud 
Investigated by the Investigated by the 

SPEC Learjet SPEC Learjet 



VERTICAL PROFILE OF CRYSTAL VERTICAL PROFILE OF CRYSTAL 
HABITS  FOR 75 WAVE  PASSES IN HABITS  FOR 75 WAVE  PASSES IN 

11 CLOUDS (~1011 CLOUDS (~1055 particles)particles)



CIRRUS CLOUDS CIRRUS CLOUDS 
VERTICAL PROFILE OF  CRYSTAL HABITS  VERTICAL PROFILE OF  CRYSTAL HABITS  

FOR 66 PASSES IN 13 MIDFOR 66 PASSES IN 13 MID--LATITUDE LATITUDE 
CLOUDS (> 250,000 particles)CLOUDS (> 250,000 particles)



WAVE vs CIRRUS WAVE vs CIRRUS 



THICK CIRRUS THICK CIRRUS 
vs vs 

WAVE CLOUD WAVE CLOUD 





16 July C16 July C--F Anvil MissionF Anvil Mission







Examples of Likely InfluenceExamples of Likely Influence
of Eof E--Field on AggregationField on Aggregation



MAJOR FINDINGSMAJOR FINDINGS
•• WAVE CLOUDS: WAVE CLOUDS: 

Ice Particle Concentrations: 1 Ice Particle Concentrations: 1 -- 20 cm20 cm--33 (Typ.) (Typ.) 

Bullet Rosettes dominate particle habits from Bullet Rosettes dominate particle habits from 
about about ––25 to about 25 to about ––45 C.  Small spheroidal 45 C.  Small spheroidal 
particles and budding rosettes found from     particles and budding rosettes found from     
––45 to 45 to ––55 C.  55 C.  

Highest IWC found just downwind of region Highest IWC found just downwind of region 
with supercooled water (T > with supercooled water (T > -- 37 C)37 C)

Riming, sideplane growth and (lastly) Riming, sideplane growth and (lastly) 
aggregation found downwind of region with aggregation found downwind of region with 
supercooled water.supercooled water.
βextext values from about 1 to 10 (in SLW), rvalues from about 1 to 10 (in SLW), reffeff
from about 5 to 30, IWC < 0.2 g mfrom about 5 to 30, IWC < 0.2 g m--33

•• CIRRUS CLOUDS: CIRRUS CLOUDS: 
Ice Particle Concentrations: 0.1 Ice Particle Concentrations: 0.1 -- 5 cm5 cm--33 (Typ.) (Typ.) 

Bullet Rosettes dominate particle habits from Bullet Rosettes dominate particle habits from 
about about ––25 to about 25 to about ––45 C.  Small spheroidal 45 C.  Small spheroidal 
particles and budding rosettes found from     particles and budding rosettes found from     
––45 to 45 to ––55 C. 55 C. 
PSDs similar to downwind part of wave cloud PSDs similar to downwind part of wave cloud 

Aggregates of Bullet Rosettes found in Aggregates of Bullet Rosettes found in 
moderately deep cirrus.  Sideplane growth moderately deep cirrus.  Sideplane growth 
and riming found in some deep cirrusand riming found in some deep cirrus
βextext values from 0.1 to 1 Kmvalues from 0.1 to 1 Km--1,1, rreffeff from 10 to from 10 to 
50, IWC < 0.05 g m50, IWC < 0.05 g m--33



MAJOR FINDINGSMAJOR FINDINGS
(Continued)(Continued)

•• ANVIL CLOUDS: ANVIL CLOUDS: 

Ice Particle Concentrations: 1 to > 100 Ice Particle Concentrations: 1 to > 100 
cmcm--33 (Typ.) (Typ.) 

Particle habits mainly irregular shapes, Particle habits mainly irregular shapes, 
aggregates, plates and some columns aggregates, plates and some columns 
(virtually no bullet rosettes)  (virtually no bullet rosettes)  
Aggregates occasionally observed in Aggregates occasionally observed in 
“Chains”, which are likely formed as a “Chains”, which are likely formed as a 
result of high electric fields. result of high electric fields. 

βextext values from 1 to 50, rvalues from 1 to 50, reffeff from 10 to from 10 to 
100 100 µµm, IWC 0.1 to > 1 g mm, IWC 0.1 to > 1 g m--33

Particle Concentration, IWC, Particle Concentration, IWC, βext, ext, rreff eff allall
decrease with distance from center of decrease with distance from center of 
convection and increasing altitude.convection and increasing altitude.



NEXT STEPS…NEXT STEPS…
•• Piece together relative location of Piece together relative location of 

storm from radar, satellite and storm from radar, satellite and 
video relative to WBvideo relative to WB--57 and 57 and 
Citation flight tracksCitation flight tracks

•• Construct vertical and horizontal Construct vertical and horizontal 
profiles of anvil microphysics from profiles of anvil microphysics from 
WBWB--57 and Citation measurements57 and Citation measurements

•• Construct, if possible, quasiConstruct, if possible, quasi--3D 3D 
pictures of the storm/anvil profile pictures of the storm/anvil profile 
with microphysical properties.with microphysical properties.

•• Compare microphysical properties Compare microphysical properties 
with remote measurements.with remote measurements.



THICK CIRRUS THICK CIRRUS 
vs vs 

WAVE CLOUD WAVE CLOUD 
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